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During the three years of this grant performance, the PI and her research group have 
made a number of significant contributions towards determining properties of tropical deep 
convective clouds and how models depict and respond to the heating associated with tropical 
convective systems. The PI has also been an active ARM/ASR science team member, including 
playing a significant role in AMIE and GoAmazon2014/5. She served on the DOE ASR radar 
science steering committee and was a joint chair of the Mesoscale Convective Organization 
group under the Cloud Life Cycle working group. This grant has funded a number of graduate 
students, many of them women, and the PI and her group have presented their DOE-supported 
work at various universities and national meetings. 
 
Observational studies 

The PI and her group participated in the AMIE (2011-12) and GoAmazon2014/5 (2014-15) 
DOE field deployments that occurred in the tropical Indian Ocean and Brazilian Amazon, 
respectively. AMIE observational results (DePasquale et al. 2014, Feng et al. 2014, Ahmed and 
Schumacher 2015) focus on the variation and possible importance of Kelvin waves in various 
phases of the Madden-Julian Oscillation (MJO), on the synergy of the different wavelength 
radars deployed on Addu Atoll, and on the importance of humidity thresholds in the tropics on 
stratiform rain production. Much of the PIs GoAmazon2014/5 results to date relate to overviews 
of the observations made during the field campaign (Martin et al. 2015, 2016; Fuentes et al. 
2016), but also include the introduction of the descending arm and its link to ozone transport 
from the mid-troposphere to the surface (Gerken et al. 2016). Vertical motion and mass flux 
profiles from GoAmazon (Giangrande et al. 2016) also show interesting patterns between 
seasons and provide targets for model simulations. Results from TWP-ICE (Schumacher et al. 
2015), which took place in Darwin, Australia in 2006 show that vertical velocity retrievals from 
the profilers provide structure to better quantify the transition between convective, stratiform, 
and anvil cloud types. 
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Modeling studies 

The PI and her research group have used tropics-wide heating profiles derived from satellite 
data (with guidance from ARM observations in the tropical West Pacific) to force GCMs to see 
the large-scale response to deep convection and upper level cloud (Li et al. 2013, Lappen and 
Schumacher 2014, Straus et al. 2015). Of particular note is a new method we developed to add 
heating to CAM4 while maintaining the model’s fully interactive physics. The modeling results 
unequivocally show that an accurate horizontal and vertical distribution of heating are critical in 
the simulation of the MJO. This more accurate heating came from either satellite-derived latent 
heating or idealized heating that had a longitudinal tilt more like the observed MJO. Radiative 
heating of upper level cloud, on the other hand, only slightly modifies an idealized GCM (i.e., 
one without interactive physics) forced by observed latent heating suggesting that the impact of 
clouds is more important to large-scale tropical circulation variations because of convective 
feedbacks rather than direct cloud radiative forcing. Most recently, one of the PI’s graduate 
students spent a summer at PNNL to create a latent heating retrieval (Ahmed et al. 2016) based 
on high-resolution regional model output from AMIE that can be applied to ground and space-
borne radar observations and that is not dependent on surface rainfall amount, but rather focuses 
on the size and other mesoscale characteristics of the precipitating convective systems. A 



recently submitted paper (Tang et al. 2016) describes results from the variational analysis during 
the two IOPs of GoAmazon2014/5 with emphasis on diurnal variations and differences in 
atmospheric budget parameters between the wet and transition seasons. 
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